on the production c r o s s section for monopoles, and on their occurrence in cosmic radiation.
F o r several y e a r s now, the hunt has been on for particles that would interact with the magnetic field, just a s electric charges interact with the electric field, acting a s a source for the field and being accelerated by it. These particles, called monopoles, would be stable. They would have a magnetic charge measured by an integer v , using the -8
Dirac charge --3x10 emu a s a unit (1). Their existence would give credence to the only known explanation for the extraordinarily accurate UCRL-19440 phenomenon of charge quantization (2). According to a recent theory (3) they would be the most fundamental particles, the building blocks of the universe. However, no such particle o r combination with a net nonzero magnetic charge has ever been found (4-6).
In view of the negative results of these experiments (4-6), the lunar surface i s considered to be the most likely hiding place for monopoles, whether they belonged to the p r i m a r y cosmic rays o r were produced in the collision of a high energy cosmic -r a y particle with a nucleon of the lunar surface. In either c a s e the lunar m a t e r i a l would slow the monopole down and t r a p it. The reasoning that favors the lunar sample in-9 volves i t s g r e a t a s 3 to 4 x 10 years, and the small depth to which the surface has been churned during that long period of time. These two f a c t o r s give the lunar surface the longest known exposure to cosmic rays. F u r t h e r m o r e , the absence of both a n atmosphere and a magnetic field on the moon allows the fate of a monopole after it has been slowed down to be a s s e s s e d with m o r e certainty than i t could be on the earth.
Our detection technique r e l i e s on the electromotive force induced in a coil by a moving monopole. As in Ref. ( 7 ) , the sample was transported along a continuous path threading the windings of a coil. In this experiment the coil was made of superconducting m a t e r i a l and was short-circuited by a superconducting switch. A small c u r r e n t was stored in the superconducting loop before a sample was run. If a sample containing a monopole had been run, the induced electromotive force would have modified this current. After each sample had been circulated 400 times, the superconducting switch was opened and a signal proportional to the UCRL-19440 c u r r e n t i n the loop was t r a n s f e r r e d electrically out of the cryostat, amplified, and finally recorded on a n oscilloscope. A r e a l magnetic charge would have been detected a s a difference between the signal obtained when the switch was opened and the one normally observed when the opening of the switch interrupted the "standard current" that had been introduced a s a n overall check on the apparatus. A zero magnetic charge therefore corresponded to a nonzero standard signal. This technique a s s u r e d us that the equipment was working a t a l l times.
An o v e r a l l calibration was obtained f r o m a long solenoid in which a known change of c u r r e n t simulated the "missing t e r m " i n Maxwell' s equations--the one describing the contribution of a "magnetic current density. I f Statistical study of our signals shows that the measurement of the magnetic charge was affected by a 1-standard-deviation e r r o r of about 1/8 of a D i r a c unit, when a ride of 400 p a s s e s was given to the sample. Therefore, the s m a l l e s t monopole compatible with Dirac theory was expected t o produce a n 8-standard-deviation signal. There a r e r e a s o n s t o believe the s m a l l e s t actual charge would have twice the Dirac value (S), and t h i s would correspond to twice a s big a signal.
The lunar s u r f a c e m a t e r i a l analyzed i n t h i s experiment consisted of 28 individual samples. One sample was composed of t h r e e rocks value of the magnetic charge was a s l a r g e a s o r l a r g e r than a single D i r a c unit of magnetic charge. We can therefore s e t upper limits on the number of monopoles p r e s e n t in the p r i m a r y cosmic r a y s -and on the number of monopoles produced by high energy c o s m i c -r a y particles interacting with nucleons of the lunar surface material. We quote our r e s u l t s a t the 95% confidence level, including a correction of 10% to the monopole density t o take into account the possibility that any individual sample m a y have contained paired monopoles of opposite charge.
The actual values of both upper limits depend upon unknown prope r t i e s of the hypothetical magnetic monopole--namely, i t s charge, i t s m a s s , and a l l the p a r a m e t e r s that determine i t s range inside the lunar m a t e r i a l before i t comes t o r e s t .
Therefore we e x p r e s s our reults a s a function of n, a p a r a m e t e r which r e l a t e s the approximate range R, in Curve E corresponds to the most extensive accelerator study to date (11).
The s e a r c h for monopoles in the lunar sample of Apollo 11 resulted in the finding that t h e r e was neither a n unpaired north nor south mono- Monopole energ y (GeV) X8L6912 -6 3 9 4 Fig. 1 
